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1.0 INTRODUCTION

This letter report is intended to document, from a corrosion standpoint,
the causes of the leakage discovered in 55-gal drums on the mixed waste
storage pad in the Hanford Central Waste Complex (HCWC) during July 1990.

The report is intended as a follow-up to action item 8.12 of a Critique
Report (Maier 1990) describing leakage from 183-H Basin waste drums stored in
the HCWC. That action item called for nondestructive inspection of leaking
and nonleaking drums to determine effectiveness of such inspection techniques
in finding and characterizing corrosion damage.

2.0 BACKGROUND AND EVENT DESCRIPTION

Four of 16 flocculation and sedimentation basins in the 100-H Area were
used for solar evaporation of the liquid chemical wastes resulting from
N-Reactor fuel fabrication. These basins last received waste in November
1985. 1In 1985 cleanout of the basins was initiated and shipment of
183-H waste in 55-gal drums to storage areas in the 200 West Area began.

These actions were performed in compliance with decontamination and
decommissioning activities at the Hanford Site and the 183-H Solar Evaporation
Basins Closure/Post-closure Plan (DOE-RL 1990).

At the end of FY 1990 approximately 11,000 55-gal drums of 183-H Basin
waste had been shipped to the 200 West Area. Less than 2,000 drum equivalents
of waste remain in one of the basins (Basin #2). The drums were shipped to
various locations in the 200 West Area, as shown in Table 1. This table does
not reflect the most recent movement of approximately 70 corroded drums back
to the 183-H basins for repackaging.

The bulk of the wastes discharged into the basins consisted of spent acid
etch solutions (primarily nitric, sulfuric, hydrofluoric, and chromic acids).
These solutions were neutralized with excess sodium hydroxide before being
transported to the basins. Other wastes discharged to the basins included
unused chemicals, used battery acids, plating solutions, and other wastes.

The basin wastes have been designated as low-level mixed wastes.

Extensive sampling of the basin wastes have been performed. The wastes
were determined to consist of three phases in ger ‘al: 1liquids, wet sludge,
and a relatively dry phase. Analyses of the basin wastes are given in
DOE-RL (1990). ,

The events surrounding the discovery of the corroded dr—s are summarized
in Maier (1990). On July 11, 1990, 20 drums at the HCWC were identified as
leaking. In addition, approximately 20 other drums were identified as
potential failures. The potential failures were so designated from blisters
on the drum exteriors which had no visible leakage or holes. All of the drums
contained sludge and sandblast grit and were stored on an outside storage pad
at the HCWC. The drums were packaged with two 10-mil polyethylene liners
inside U.S. Department of Transportation (DOT) 17H 55-gal drums.
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Table 1. Waste Drum Storage Locations - 183-H Basin.

Facility Drum Quantity
HCWC Mixed Waste Storage Pad 2,377
Burial Ground 218-W-04C, Trench 24 3,230
HCWC Mixed Waste Storage Bldg 24028 1
HCWC Mixed Waste Storage Bldg 2402C 24
HCWC Mixed Waste Storage Bldg 2402D 978
HCWC Mixed Waste Storage Bldg 2402F 1,056
HCWC Mixed Waste Storage Bldg 2402H 596
HCWC Mixed Waste Storage Bldg 24021 598
HCWC Mixed Waste Storage Bldg 2402J 540
HCWC Mixed Waste Storaae Bldg 2401L 56
HCWC Mixed-waste Storage Bldg 2402W 36
Burial Ground 218-W-3AE, Trench 05 1,9;;-
-;OTAL 11,482
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3.0 DRUM EXAMINATIONS

The identification numbers of the drums positively identified as having
~.aks are given in Table 2, along with the date that they were received at the
'“WC. A total of 42 failed drums had been identified at the time of this
1 port. The date the drums were filled with waste is not available, but the
C.ums are required to be shipped within 90 d of filling. The time period
between filling (assumed to be an average of 45 d prior to shipping, in the
absence of any definite information) and leakage discovery was used to
determine the corrosion rate, along with a nominal 43 mils wall thickness.

" is wall thickness was taken from an average of ultrasonic readings of the
c.um walls. The DOT specifications for wall thickness of sheet metal for
production of DOT 17H drums state a nominal .0478 in. thickness with a minimum
of .0428 in. The maximum possible time taken for penetration of the drum
v~-11s ranged from approximately 1 to 2 yr. This resulted in a minimum or

1 ver bound corrosion rate ranging from 22 to 45 mils/yr.

The results from visual examination of the drums during efforts to
r .package into sound drums are given in Appendix A. Packing inspection sheets
f-om the re-packaging task are given for four leaking and four nonleaking
c.ums in the appendix. The nonleaking drums were included as controls and to
€2 if incipient leaks could be found prior to through-wall penetration.
k. part of the inspection, samples of liquid from inside the drums and. samples
of material which had been forced out of the corroded areas onto the drum
exterior were taken. Readings of the pH of liquid in four of the drums were
¢ so taken, with observations from pH 10-11. Results of analyses of material
1.om drum exterior surfaces are given in Appendix B. The principal
¢ 1stituent in all four cases was sodium nitrate. Sodium fluoride sulfate
( 13FS0,) was present in two of the samples in the 10-20 atomic % range and
¢..Jnium :ron sulfate hydroxide H;0Fe;(S0,),(0H), was present at less than 5% in
¢ 2 sample.

Photographs taken during the re-packaging operation are st n in
[ jures 1 and 2. Note the granular absorbent material and liquid being
1 noved from the drum in Figure 1, and the sampling operation in Figure 2.

A1l drums that failed had black painted surfaces. Other drums with

nilar waste which have not failed had yellow or galvanized steel sui.ices.

» failures occurred during a period of hot weather in which the ambient
L.nperature exceeded 100 °F. No temperature readings within the drum
i teriors were taken, but a mercury thermometer was attached to the exterior
¢« that the bulb was touching the black painted side. The thermometer reached
¢ naximum of 131 °F. The temperatures inside the black drums have been
e.timated at well over 200 °F. This is supported by calculations performed
for temperatures in the interior of galvanized drums, which were determined to
t- 183 °F for a drum in full sun with 110 °F air temperature (Campbell 1980).
/ :}ack drum surface would absorb more heat than the reflective galvanized
s rface. :









WHC-IP-0716

Figure 1. Drum Opening During Re-packaging Operation.
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The appearance of the failures from the exterior of the drums suggests
ing, as the failure areas generally are small diameter holes. Some drums
. large blisters rather than holes, but this is disbonded paint resulting
| corrodant penetrating the steel wall and forcing the paint from the drum

The last step in the failure process is penetration of the paint layer.
interior surfaces of the drums show corrosion products from general
‘0osion but not enough attack to attribute failure to general corrosion.

Examination of the records of the waste drum contents shows that the
icipal constituent is sodium nitrate. Other constituents are potassium
ide, sodium chromate, sodium cyanide, sodium fluoride, sodium nitrate, and
um sulfate. The corrosion rates of carbon steel in aqueous solutions of
e salts are 2 to 20 mils/yr with the exception of sodium fluoride, which
a rate of 20 to 50 mils/yr (Schweitzer 1986). These rates are from data
n at temperatures up to a maximum of 100 to 160 °F, with the exception of
ssium cyanide, which had data up to 200 °F.

The corrosion rates would be expected to increase with increasing
ierature. Data for corrosion of steel by sodium nitrate at 212 °F indicate
‘orm corrosion rates of 20 to 50 mils/yr (Hammer 1974).

Any aqueous solution will corrode steel at some rate, even in neutral or
‘ly high pH conditions, as long as some dissolved oxygen is present. In
.ral aqueous solutions, depending on the dissolved oxygen content, steel.

corrode at a rate from two to ten mils/yr. The corrosion rate drops off
ler steeply as the pH rises above 10. However, if the protective oxide
'r built up under alkaline conditions is interrupted by the action of some
it such as chloride ion, alkaline pH conditions are known to lead to
.ing corrosion.

5.0 CONCLUSIONS AND RECOMMENDATIONS

The cause of the failures was pitting corrosion of the drum walls. The
. probable agent is sodium nitrate. This compound was noted in the samples
1aterial that came through the holes in the drum wall, and is known to
'kly corrode steel, particularly at temperatures near the boiling point of
'r. However, practically any of the components of the waste are able to
‘ode steel if enough water is present to facilitate the corrosive action.

The high temperatures experienced by the drums undoubtedly contributed to
speed of the cL..)sion process. Also the cyclic temperatures experienced
d lead to condensation of moisture inside the drums, lowering the pH and
lerating corrosion. The exact temperatures reached inside the drums are
known. Temperatures near boiling could be expected inside the black
ited drums, due to heat absorption. The expected general corrosion rates
d exceed 50 mils/yr if temperatures were well over 200 °F, according to
literature, or a year time frame for penetration of the drum wall. The
ed rates are for general corrosion and pitting rates can be several times
. of general corrosion rates. It is possible that the corrosion initiated
proceeded to failure in a period of 1 to 2 mo during the high atmospheric
)eratures of the summer. This is consistent with the fact that the drums
been filled for total times varying by a factor of two, yet all failed
1in a short time. The critical event was probably deterioration of the
itic liner, allowing liquid to reach the inside drum surface.

10
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Any drum with the basin waste contents which has free 1iquid that can
¢ 1tact the drum wall can be expected to eventually corrode. The process may
L_<e years or weeks, dependent on the temperatures inside the drum. The
plastic liners typically used in waste dr_ ; will prevent corrosion, as long
7~ the liners do not deteriorate. The available ultrasonic methods of
ipection can be used as "spot check" techniques but they can only give
‘ormation on the areas directly surveyed. Inspecting an entire drum surface
w..J41d take several hours. General corrosion which resulted in uniform wall
i inning without significant surface irregularity could be investigated with
¢ intitative results in terms of wall thickness changes. Pitting or rough
¢ ~roded surfaces would result in only qualitative data; in other words, the
| 2sence or absence of corrosion could be detected, but quantitative wall
i ickness changes could not be read.

In conclusion, the corrosion is not surprising given the presence of free
vi1quids in the drums and the deterioration of the drum liners. It is
r-sommended that more reliable means of eliminating liquids in waste contents
t employed and that p” "tic liners be used which are compatible with their
¢ rironment, using conservative estimates of time and temperature. A separate
r rort (Whitney 1990) has been prepared evaluating the compatibility of
[ istic liners with the waste storage environment, in response to action
i.om 8.19 of Maier (1990). ODrums should be stored in areas which do not allow
€ Hosure “- ambient temperature or at least direct sunlight or precipitation
( vich will corrode the exterior surfaces). The remedies are quite basic:
determine the expected conditions in a realistic manner and design
¢-oropriately.

Additionally, efforts should be directed toward developing a means of
1 1id nondestructive inspection for interior corrosion in drums. This may be
' roved ultrasonic probes or a completely different technique. The
L..)peratures which can be reached inside the drums should also be measured
d *ectly to determine the actual environmental conditions which must be
3 :ounted for in container design.

11
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183-H MIXED WASTE PACKING INSPECTION

ORUM 1D NUMBER _89-00-0049 . SDAR NUMBER 3-1C-1KM-0

DATE SHIPPED TQ CWC ____09/05/89 INSPECTION DATE _ 07/19/90
EXPECTED CONTENTS __ Sandblast grit

CURRENT CONDITION Non-problem drum .

ACTUAL CONTENTS Absorbent and cleanup waste Cj?

NOTE CONOITIONS OF DRUM INTERIOR & LINER _ Liner folded over and taped.

Orum interior Tightly corroded except where liner creases/folds prasent.

Uoper portion of liner deteriorated.

- - cramae te @ - e e oem . . PR - - -

NOTE pH OF LIQUID MATERIAL N/A
COMMENTS OR OTHER OBSERVATIONS: _Drum not pressurized. Very light in

weight.

CZ; Solar 8asin 3 sign, nlastic 1id, paper, misc. waste

RN

INFORMATION RECORDED BY H.L. Garrisan DATE __07/19/90
ORGANIZATION HRO -0E L PHONE _ 35496
Oecument Ne. l Aow/ Mo ‘ rhu

A-2
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183-H MIXED WASTE PACKING INSPECTION

ORUM 10 NUMBER 89-00-0050 . spAR NuMBer = !C-TKM-0
DATE SHIPPED TO CWC _ 09/05/89 INSPECTION DATE  07/19/90
EXPECTED CONTENTS Sandblast grit

CURRENT CONDITION Leaking drum

ACTUAL CONTENTS '~ Sludge

NOTE CONDITIONS OF DRUM INTERIOR & LINER _ Liner not visible an tan.

Liner very brittle and deteriorated at top, impraving with depth.

_Lower 3/4 of liner in good shape.

NOTZ pH OF LIQUID MATERIAL _Top = 10; bottem = 10

COMMENTS OR OTHER OBSERVATIONS: _ Strong.odor of organic chemical.

 Pressurized. _Jntents very damp; lots of liquid.

Liquid runoff - sample #1004

~

INFORMATION RECORDED gy - b- Garrison oatg _ 0771330
ORGANIZATION HRO-0E owoye | 37349
Oacument Na, ..owi Moa Peqe '
° | .

A-3
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183-H MIXED WASTE PACKING INSPECTION

ORUM 10 NUMBER-_____89-0n-0052 © SDAR NUMBER __3-1C-1:4-0 .
DATE SHIPPED TO CWC _09/05/89 _ ~  INSPECTION DATE _07/19/90

EXPECTED CONTENTS  Sandblast grit
CURRENT CONDITION  Non-problem drum

ACTUAL CONTENTS Misc..cleanup waste(j)and absorbent.

NOTE CONDITIONS OF DRUM INTERIOR & LINER Very minor corrosion on interior

surfaces of drum. Liner folded over on top and appears to be in good

condition. Interior of drum corroded at liner fold marks.

p—

NOTE pH OF LIQUID MATERIAL __“¥a
CCMMENTS OR OTHER OBSERVATIONS: __Nrmum srassurized . ‘“ary 1t in

weight. Some moisture present between liner and drum.

==

_ C}/ Tumbleweed, rubbish, barbed wire, rain gear, etc.

N

IMFORMATION RECOROED BY H. L. Garrison DATE 07/19/90
ORGANIZATION HRO-DE - PHONE 3-5496
Oocument Na. Rew/Maa | Pags
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183-H MIXED WASTE PACKING INSPECTION

ORUM 1D NUMBER __89-00-0373 + SDAR NUMBER __3-1C-38M-Q

DATE SHIPPED TO cWe _ 10/09/89  °  INSPECTION DATE _ 07/20/90

EXPECTED CONTENTS Solidified liquid

CURRENT CONDITION Orum in good condition. Contents appear in good

condition. Non-prdblem drum.

ACTUAL CONTENTS Sotidified liquid.

NOTE CONDITIONS OF DRUM INTERIOR & LINER _ Orum interior in excellent

condition. Orum liner like new. No voids or liquids observed.

NOTE pH OF LIQUID MATERIAL __pM/A (solid material)
COMMENTS 'OR OTHER OBSERVATIONS:

N

INFORMATION RECORDED BY H. L. Garrison pate __07/20/30
ORGANIZATION HRO-0E puONE  3-5496
Socsment Ne. Rew/ Mag : Page

A-5§
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183-H MIXED WASTE PACKING INSPECTION

ORUM 10 NUMBER __39.0n-0101 - SDAR NumBgr __ 3-1C-1KM-0

DATE SHIPPED TO cwe _09/11/89  * INSPECTION DATE __07/19/90

EXPECTED CONTENTS _ Sandblast grit

CURRENT CONDITION _ Leaking drum

= ACTUAL CONTENTS Absorbent and cleanup waste Cp

= NOTE CONDITIONS OF DRUM INTERIOR & LINER _Liner not visible at all abaove

_damp contents. Liner very brittle and deteriorated at top but improving

with depth. Top 1/4 of drum was corroded (void spaces).

NOTE pH OF LIQUID MATERIAL _ 10 at top; 11 at bottom

COMMENTS OR OTHER OBSERVATIONS: Too light weight to be grit. | .ked

_Tiquid uoon removal from overpack. Strong smell of organic “emicals.

Liquid leaked from closed drum upon removal from overpack.

U olags v pai r sack (absorbent).

'iouid rupoff - samnle 21001

N

INFORMATION RECORDED BY W1 Garrison DATE  n7/19/90 |
ORGANIZATION HRO-NE | ' " PHONE 2-5496
Qecument Na., ] Aev/ Maa » | Poge

A-6
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183-H MIXED WASTE PACKING INSPECTION

DRUM 10 NUMBER 88-00-0438 . SDAR NUMBER  3-1A-1KM-1
DATE SHIPPED TQ CWC 09/07/88 INSPECTION DATE 07/19/90
EXPECTED CONTENTS Sludge
CURRENT CONDITION Leaking drum
— ACTUAL CONTENTS __Sludge
f%é HOTE CONDITIONS OF DRUM INTERIOR & LINER _ Liner appears to be in good
'553 ~_sShape, but there was a Tot of 1iquid between drum and liner. OQutside
E%; _of drum Tooked hadly corroded, but inside had minimal corrosion.
oFs :

11

HOTE pH OF LIQUID MATERIAL
400 cpm direct at rusty patch, 300 cpm

CCMMENTS OR OTHER OBSERVATIONS:

inside. Only 1 or 2 shovels of absorbent seemed to be present in drum.

Liquid leaked from closed drum upon removal from overpack.

Runoff liquid - sample #1002

N

INFORMATION RECORDED BY __ M. ! Rarrisen OATE  07/19/90
ORGANIZATION  _ HRO-DE __ PHONE ____ 3-5496
Cacument Na, Aew/ Moa {Puo

A-7







/073

.
4
Wi

LY \'

i

WHC-IP-0716

- 183-H MIXED WASTE PACKING INSPECTION

ORUM I0 NUMBER __ 88-NN-1407" . spAR NUMBER __ 3-TA-TKM-1
DATE SHIPPED TO CWwC _11/03/88  °  INSPECTION DATE ___ 07/19/90
EXPECTED CONTENTS __ Sludge

CURRENT CONDITION Leaking drum .

ACTUAL CONTENTS _Lmﬁsﬁa_hags_abmu,az_nquid, 172 .sludge
NOTE CONDITIONS OF ORUM INTERIOR & LINER _Liner was folded over and taned

(not pigtailed). Liner intact with moisture (not real wet) outside.

Contents moist. Orum interior corroded heavily down to second rall ring.

NOTZ pH OF LIQUID MATERIAL __10 at top; 11 at bottom

COMMENTS OR OTHER OBSERVATIONS: Not ~ressurized

Liquid runoff - sample #1003

N

INFORMATION RECORDED BY H. L. Garrison DATE __07/13/90
ORGANIZATION HRO-0F PHONE 3-5496

Qaeament Na. Rew/ Mag l . wu®

A-9Q
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9% .
£+ Batlelle e
Pacific Northwest Laboratories Internal Distribution

File/LB

Date September 25, 1990

To J. B. Mafer

From E. D. Jensen _é,.,f,(j,‘ zgléf'wﬁoé M
x—/

. . i Tl /7T Ao .
Subject -R iffraction idi le

X-Ray diffraction has ben carried out on 4 samples of oxidizer labelled DD 023
#1407, WHC 89001 #89001 #89-00-0903, DD 007 #438, and WHC 89001 #89-DD-00S0.
Sodium nitrate was found in all samples. Oxonium iron sulfate hydroxide was
found in one, and sodium fluoride sulfate was found in 2 samples. A fifth
sample, labelled 89-D0-0050 was not examined due to lack of adequate sample.

The following table indicates the findings for each sample:

00023
#1407 sodium nitrate sodium fluoride sulfate

WHC 89001
4#89-DD-0903 sodium nitrate oxonium iron sulfate hydroxide

00007
4438 sodium nitrate

WHC 89001
#89-00-0050 sodium nitrate sodium fluoride sulfate

Sodi _ nitrate, Na NO3, was identified in all samples. Since it was the bulk
constituent, peak data attributable to this phase was subtracted from the
experimental data and further searching was doi on the residuals.

Sodium fluoride sulfate, Na3 F S04, was found in samples 1407 and 0050. This
phase is distinct from Na2 S04 and Na F. The spectra of NaZ SO4 and Na F do
not match the observed pattern. These phases have evidently combined to form
the observed sodium fluoride sulfate. The concentration of this phase appears
to be in the 10-20% range.

Oxonium iron sulfate hydroxide, H30 Fe3 (S04)2 (OH)6, was found in the 0903
sample and appears to be a minor constituent, ie less than 5%.

Plots of the background subtracted data, with stick figure representations of
the spectra of phases identified, are included for each sample.
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